Abstract. -For relaxed models of amorphous Fel-,Bx and Fel-,ZrxHy, we calculate the magnetic properties by means of a self-consistent tight-binding approach, including the Coulomb interaction between Fe 3d-electrons and all hybridization effects. The addition of hydrogen H to Fe-rich Fel-,Zr, leads to a drastic increase of the magnetization as a consequence of a drastic volume dependence of the magnetization of fictitious amorphous Fe.
Introduction
The itinerant magnetic properties of Fe-based amorphous alloys have been the subject of recent interest [l-41. Both in Fel-,B, and Fel-,Zr/ alloys, the magnetization sets in around x,% 0.6, increases with decreasing x to a maximum value of p % 2.1 and 1.7 p~, respectively, which are obtained around x = 0.15 (0.13), and then turns down drastically until at x = 0.12 (0.07) the amorphous state gets unstable. However, by hydrogenation, for Fel-,Zr,H, with x < 0.13 and y w 2 x, the downturn is avoided, and moments around 2 p~ can be obtained below x < 0.1, whereas without hydrogen p would become as small as % 1 pg for x -0.07. It has been suggested that these differences are due to a sensitive volume dependence of the magnetic properties of fictitious amorphous Fe [I, 21. We have studied these questions by means of a selfconsistent tight-binding approach, using relaxed structural models with 54 atoms in a box with periodic boundary conditions [3] , taking into account all relevant orbitals (e.g. Fe: 3d, 4s and 4p; B: 2s and 2p; Zr: 4d and 5s; H: 1s) and their interactions. The positiondependence of the matrix elements of the Hamiltonian has been parametrized within a Slater-Koster approach according to the Harrison prescriptions: details can be found in [3-51. Finally the Coulomb interaction U = 5.6 eV (taken from bcc Fe) between any two of the Fe-d electrons occupying the same 3d-orbital, produces the exchange splitting (see [3] ). The Hamiltonian has been diagonalized numerically, and self-consistency was obtained by iteration.
Results
In figure 1 we present our numerical results for the average magnetization per Fe atom for the two alloying systems considered. These results agree nicely with experiments, see [3, 51. Of course, the systems Fel-,B, with x = 0 and 0.5, which are included jn figure 1, exist only as computer models and not in nature. For x = 0, i.e. for fictitious amorphous iron with a density of 7.95 g/ccm, which is only slightly larger than that of bcc-Fe (p = 7.87 g/ccm), we still find a magnetic moment of M 1 p~, although, as shown in [4] , in that case the distribution of local moments is quite broad, including also a significant part of atoms with negative moments. For Fel-,Zr,Hy alloys, it was important to use models with the correct density, which is given by the expression p = (7.88 -1.44 x) g/ccm without H, and an additional volume expansion of AVIV = 0.315 x y by hydrogenation in the Fe-rich-case. With this provision our calculations (the open squares) reproduce the drastic experimental increase of p due to hydrogenation with y % 2 x.
The main reason for this drastic effect of hydrogenation seems to be the above-mentioned volume expansion: Namely, in figure 2 we find a rather drastic increase of the averaged local moment of fictitious amorphous Fe, if the density decreases below the value of bcc Fe. (It should be stressed at this place, that this dependence is closely related to the inhomogeneous moment distribution already mentioned, see [4] ).
Article published online by EDP Sciences and available at http://dx.doi.org/10.1051/jphyscol:19888590 To test the relevance of this mechanism we have performed additional calculations for models of fictitious Fel-,Zr, without hydrogen, however with the same expanded volume as would be introduced by hydrogenation with y = 2 x, e.g. 0.74 g/ccm for x = 0.07.
For these systems, see the crosses in figure 1, p has practically the same values as with hydrogen (i.e. the open squares). On the other hand, it is also interesting to note that in spite of the differences at x x 0.15, p extrapolates for x -+ 0 to the same value of = 1 p~, both for Fel-,B, and Fel-,Zr,.
For completeness we also mention the densities of our models for Fel-,B,, in g/ccm. They are 7.95 for x = 0; 7.9 for x = 0.5; 7.91 for x = 0.11; 7.54 for x=0.2; 6.65 for x = 0.3; 6.4 for x =0.4, and 4.9 for x = 0.6. It would of course be interesting to see how the focal values of p, which can even be negative, see [4] , depend on the local surrounding of an Fe atom: this question will be studied. Additionally one might also take into account the transverse spin components, which hithertoo have been neglected in our approach.
